(Received for publication December 22, 1997) A 7.6kb PstI-KpnI DNA fragment including a sequence highly similar to kasugamycin acetyltransferase gene (kac) was isolated from Streptomyces kasugaensis M338-M1 and sequenced. Nine open reading frames (ORFs), designated as ORF A, B, C, D, E, F, G, H and I, were recognized in this region, although ORF A was incomplete. ORF G runs in the opposite direction to the others. The amino acid sequence deduced from ORF H showed 98% similarity to that of the kasugamycin acetyltransferase from S. kasugaensis MB273-C4, another kasugamycin (KSM) producer. Transformation of E. coli JM109 with ORF H made the strain highly resistant to KSM. The deduced amino acid sequences of the ORF A, C and D products were similar, respectively, to glucosyltransferase I from Kasugamycin (KSM) is an aminoglycoside antibiotic produced by Streptomyces kasugaensis M338-M11), effective against Piricularia oryzae and widely used in agriculture in Japan to prevent the rice blast. From S. kasugaensis MB273-C4, another KSM producing strain, a gene coding for the enzyme that acetylates the 2'-NH2 of KSM and thereby inactivates the antibiotic was cloned and named kac by HIRASAWA et al. (JP. A-05-23187, 1993). In our previous paper2) we described that a kac-like sequence was found in the genome of every KSM producer tested and that spontaneous deletion of the sequence paralleled the loss of KSM productivity of S. albulus MF861-C43), a third KSM producer whose genome was somehow unstable. The results suggested that kac is a self resistance gene for KSM producers and located close to other KSM biosynthetic genes.
In the present paper we report the cloning and sequence analysis of a 7.6kb PstI-KpnI DNA fragment including a kac congener from S. kasugaensis M338-M1. We cleotide sequence databases with the accession number AB005901.
Results
Cloning and Sequencing Analysis of the 7.6kb PstI-KpnI DNA Region A 3.7kb KpnI fragment from S. kasugaensis M338-M1
was cloned using as a probe a 734bp BamHI fragment including kac gene (kac273) from S. kasugaensis MB273-C4 (JP. A-05-23187). The recombinant plasmid clone was designated pSKE 1 ( Fig. 1) . A 4.1kb PstI fragment from S. kasugaensis M338-M1 was also cloned using as a probe a 271 bp KpnI-PstI fragment from pSKE 1. The plasmid clone was named pSKE 2 ( Fig. 1) . We sequenced the entire 7581 bp PstI-KpnI DNA region from pSKE 1 and pSKE 2 (Fig. 2) . The GC content of the entire region was 71.6%. Within this region we recognized nine open reading frames (ORFs), i. e. ORF A, B, C, D, E, F, G, H and I, all with high GC contents though ORF A was incomplete ( Fig. 1, 2) . These ORFs all run in the same direction except for ORF G (Fig. 1) .
Translational start colons were predicted from end-toend similarity to other authentic proteins.
As potential ribosome binding site (RBS) candidates, ORFs had RBS candidates (Fig. 2 ).
There were inverted repeat sequences downstream of kcal/mol), possibly functioning as transcriptional terminators (Fig. 2) . Noncoding regions were 388bp between ORF A and B, 25 bp between B and C, 13 bp between C and D, 200 bp between G and H, and 341 bp between H and I. Some genes showed overlapping sequences; ORF D and E by 1 bp, E and F by 4 bp, and F and G by 7 bp (Fig. 1, 2) . Possible functions of the nine ORF products were deduced from the results of a homology search using the BLAST program4). The ORF B, E, F, G, and I showed no significant similarities with any proteins in the databases.
Possible Roles of Some ORFs in KSM Biosynthesis ORF H ORF H showed 98% base-sequence homology with kac273, hence ORF H was denoted kac338 hereafter. The base sequences of kac273 and kac338, with the amino acid sequences of their deduced proteins (Kac273 and Kac338), are shown in Fig. 3 .
Compared with kac273, kac338 showed four base substitutions at G114A, G115A, C340T and C378T (G115A alone caused a missense mutation, while the others silent), and deletion of three sequential bases, consequently, there were an amino acid substitution of Va139Ile and a deletion of Gly63 (Fig. 3) ORF D A deduced protein encoding ORF D (OrfD) spanned 329 codons whose sequence showed 37% and 36% similarities with StrE9) from Streptomyces griseus and with RfbB10) from Xanthomonas campestris, respectively (Fig. 5 ). There were additional similarities of OrfD to StrE: (1) the two were close in length, i. e. 329 codons (OrfD) vs. 328 codons (StrE), and (2) OrfD and StrE shared a highly preserved NAD(P) binding motif11) near their N-terminals (Fig. 6) . strE, as well as rfbB, codes for dTDP-D-glucose 4,6-dehydratase, that is the gene responsible for formation of the 6-deoxy structure of these antibiotics, i. e. streptomycin for StrE9), granaticin for GraE12), and mithramycin for MtmE13). W. PIEPERSBERG et al. 14) have proposed that strE-like genes are typically present member in gene clusters for the biosynthesis an antibiotics that contain a 6-deoxyhexose (6-DOH) moiety and that cloning the gene will provide a probe to find out the gene cluster. The presence of the 6-DOH moiety in KSM, as well as the close location of ORF D to kac338, strongly suggests that the DNA region we analyzed should coincide at least in part with the gene cluster for KSM biosynthesis. We therefore designated ORF D as kasD.
ORF C A deduced product of ORF C (OrfC), as long as 436 colons, preceded kasD by a narrow margin of 13bp. transaminase15) of Pseudomonas putida (Fig. 5) and included a sequence, Val237 through Leu27, that was a pyridoxalphosphate attachment site motif (Fig. 7) in ornithine aminotransferase16). The role of Orf C for KSM biosynthesis should be to convert carbonyl group (C-4' position of kasugamine moiety) to amino group, and therefore we designated ORF C as kasC. as did other streptomyces genes. Neither an initiation codon nor an RBS was recognized yet, however. The ORF A product showed 26% similarity with glucosyltransferase I17) from E. coli (Fig. 5) , suggesting a possible role in kasugamine addition during KSM biosynthesis.
We therefore designated ORF A as kasA.
Discussion
Biosynthesis of KSM was studied by FUKAGAWA et including an NAD(P) binding motif (Fig. 5, 6 ). strE-like genes cloned so far share about 60% homology. The low similarity (37%) between KasD and the StrE may reflect the structural difference between the substrates for the two enzymes. It is likely, as FUKAGAWA et al. proposed
also, that the biosynthetic route of KSM, a secondary metabolite, diverges from the primary metabolism of sugars at UDP-GlcNAc.
kasC, the upstream neighbor of kasD, should code for a pyridoxalphosphate binding protein and transaminase that catalyzes Step 2 (Fig. 8). ORF B, kasC, kasD, ORF E and ORF F are located very closely one after another and some are even (dTDP-glucose 4,6-dehydratase) from S. griseus, respectively. These data were compared using a window of 30 and a stringency of 8. 
